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Predict a speech (or audio) signal 
(e.g., s(n)) to produce a predicted 
speech signal (e.g., ps(n)) 




} 


^ . . . 




Combine the predicted speech signal 
(e.g., ps(n)) with the speech signal 
(e.g.. s(n)) to produce a first residual 
signal (e.g.. d(n)) 










Combine the first residual signal (e.g., 
d(n)) with a first noise feedback signal 
(e.g., fqs(n)) to produce a predictive 
quantizer Input signal (e.g., v(n)) 








Predictively quantize the predictive quantizer input 
signal (e.g., v(n)) to produce a predictive quantizer 
output signal (e.g.. vq(n)) associated with a 
predictive quantization noise (e.g., qs(n)) 




r 




Filter the predictive quantization (e.g.. 
qs(n)) to produce the first noise 
feedback signal (e.g., fqs(n)) 
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END 
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Predict the predictive quantizer input signal (e.g., v(n)) to produce 
a first predicted predictive quantizer Input signal (e.g., pv(n)) 



In all embodiments: Combine the predictive quantizer Input signal (e.g., 
(vn)) with at least the first predicted predictive quantizer Input signal (e-g., 
pv(n)) to produce a quantizer input signal (e.g., u(n)). 

In the embodiments including an Inner noise feedback loop: Further 
combine a second noise feedback signal (e.g., fq(n)) with the predictive 
quantizer input signal (e.g., v(n)) and the first predicted predicUve quantizer 
input signal (e.g., pv(n)), to produce the quantizer input signal (e.g., u(n)). 
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6072 



Quantize the quantizer Input signal (e.g., u(n)) to 
produce a quantizer output signal (e.g., uq(n)) 



In embodiments including the Inner noise feedback 
loop: niter a quantization noise (e.g., (q(n)) associated 
with the quantizer output signal (e.g., q(n)) to produce 
the second noise feedback signal (fq(n)) 
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6078 



Derive the predictive quantizer output 

signal (e.g., vq(n)) based on the 
quantizer output signal (e.g., uq(n)) 
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FIG. 6B 
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^ START ^ 



Predict a speech signal s(n) to derive 
a residual signal d(n) 




f 



1352 



Derive N VQ input vectors u(n) each corresponding 
to one of N VQ error vectors, based on the residual 
signal d(n) and a corresponding one of N VQ 
codevectors 



Select a preferred one of the N VQ 
codevectors as a VQ output vector uq(n) 
corresponding to the residual signal d(n), 
based on the N VQ error energy values 



1354 





f 


Derive N VQ error energy values each 
corresponding to one of the N VQ error 
vectors q(n) 


1 


f 
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FIG. 13B 
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Combine each of the N VQ input vectors u(n) (from 
step 1354 in Fig. 13B) with the corresponding one 
of the N VQ code vectors (also from step 1354) to 
produce the N VQ error vectors q(n) 
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Filter at least a portion of each 
of the N VQ error vectors q(n) to 
produce N noise feedback vectors fq(n), 
each corresponding to one 
of the N VQ codevectors 



1366 



Separately combine each of the 
N noise feedbacl< vectors fq(n) with 
the residual signal d(n) to produce 
the N VQ input vectors u(n) 
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FIG. 13D 
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/ 



START ^ 



Separately combine the residual 
signal d(n) (from step 1352 of FIG. 13B) with each of 
the N noise feedback vectors fqs(n) to produce 
N predictive quantizer input vectors v(n) 



1372 



Predict each of the N predictive quantizer 
input vectors v(n) to produce N predicted, 
predictive quantizer input vectors pv(n) 



Combine each of the N predictive 
quantizer input vectors v(n) with 

a corresponding one of the 
N predicted, predictive quantizer 
input vectors pv(n), to produce the 
N VQ input vectors u(n) 



Combine each of the N predicted, 
predictive quantizer input vectors pv(n) 
with corresponding ones of the N VQ 
codevectors, to produce N predictive 

quantizer output vectors vq(n) 
corresponding to N VQ error vectors 
qs(n) 



Separately filter each of the N VQ error 
vectors qs(n) to produce the N noise 
feedback vectors fqs(n) 



7x7 

^ END ^ 
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FIG. 13E 
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1430 



Predict a speech signal s(n) 
to derive a residual signal d(n) 



1432 



Derive a ZERO-INPUT response 
error vector qzi(n) common to 
each of N VQ codevectors 



1434 



Derive N ZERO-STATE response error 
vectors q2s(n) each based on a corresponding 
one of the N VQ codevectors 



Select a preferred one of the N VQ codevectors 
as a VQ output vector uq(n) corresponding 

to the residual signal d(n) based on the 
ZERO-INPUT response error vector qzi(n) 
and the N ZERO-STATE response error vectors 

qzs(n) 



1436 



1438 
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END ^ 
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START ^ 



Derive an intermediate vector vzi(n) 
based on the residual signal d(n) 



1452 



Predict the intermediate vector vzi(n) 
to produce a predicted intermediate 
vector vqzi(n) 



1454 



Combine the intermediate vector vzi(n) 
with the predicted intermediate vector vqzi(n) 
and a noise feedback vector fqzi(n) to produce 
the ZERO-INPUT response error vector qzi(n) 



1456 



Filter the ZERO-INPUT response error vector 
qzi(n) to produce the noise feedback vector fqzi(n) 
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END 
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START ^ 



Combine a residual signal d(n) with 
a noise feedback signal fqszi(n) to produce 
an intermediate vector vzi(n) 


1472 




f 




Predict the intermediate vector vzi(n) 
to produce a predicted intermediate vector vqzi(n) 


1474 




f 





Combine the intermediate vector vzi(n) 
with the predicted intermediate vector vqzi(n) 
to produce an error vector qszi(n) 







Filter the error vector qszi(n) to produce 
the noise feedback vector fqszi(n) 
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START ^ 



Filter an error vector qszs(n) associated 
with each of the N VQ codevectors 
to produce a ZERO-STATE input 
vector vzs(n) corresponding to each 
of the N VQ codevectors 
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Separately combine each ZERO-STATE 
input vector vzs(n) produced by the filter 
with the corresponding one of the N VQ 
codevectors, to produce the N ZERO-STATE 
response error vectors qzs(n) 
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